Information on genetic variability among genotypes is useful in crop improvement programmes. The study was carried out to determine the variability of nutritional composition in the immature pods of selected cowpea genotypes for use in breeding for nutritional qualities. ). The multivariate analysis showed wide genetic variability among the genotypes which could be exploited in selecting suitable parents when breeding for nutritional qualities. High heritability estimates were also observed in most of the traits evaluated indicating potential genetic gain when breeding for these traits. The present study revealed the genetic potential of the genotypes studied and their importance for use in the breeding programme aimed towards combating nutritional deficiencies and food insecurity in South Africa.
Introduction
Cowpea is one of the most important indigenous crops in Southern Africa and is grown for its young leaves, succulent immature pods and dry seeds (Hall et al., 2003; Hazra et al., 2007) . The crop can grow in low rainfall areas and improves the fertility of soils in marginal lands by providing ground cover and crop residues, fixing atmospheric nitrogen and suppressing weeds. Cowpea, thus, has the potential to be an ideal crop for production in drier regions, particularly in Africa. According to Phillips and McWatters (1991) it is the crop of rural Africa and very rich in protein, vitamins and minerals. Cooked cowpea fresh seeds and immature pods are relished by many consumers in different parts of the world and are sometimes preferred than the cooked dry seeds (Nielsen et al., 1997; Ahenkora et al., 1998; Timko et al., 2008) . The pods are best when young and slender, and are eaten fresh or cooked, often cut into short sections and used in stir-fries or cooked salads. The pods are also a good source of protein, as well as vitamins and minerals including vitamins A and C, folate and iron (Vaughan and Geissler, 2008) . According to Welch and Johansen (2002) , the crop has the potential of providing the nutritional requirements of developing countries, especially for women and children, as a cheap source of protein and an important source of iron.
Cowpea haulms are also fed to livestock as a nutritious fodder (Singh et al, 2003) . In sub-Saharan Africa, micronutrient deficiency, usually referred to as 'hidden hunger', is also a major problem. Stunted growth and being underweight remain the most common nutritional disorders affecting young people in South Africa. Providing nutritious food for the poor and undernourished populations has been a major challenge for the developing world and acute shortage, unreliable supply, and elevated costs of protein-rich foods of animal origin in the developing and underdeveloped countries have resulted in the search for inexpensive and reliable alternative sources of minerals and proteins of plant origin (Bhat and Karim, 2009) . Agronomic bio-fortification of locally consumed crops seems to be a plausible solution to this problem. Improvement of nutritional quality of cowpea genotypes is therefore important and will contribute to alleviating nutritional deficiency in South Africa. The information on the genetic variability of the nutritional composition of the immature pods in cowpea genotypes is an important and the first step towards the development of improved cultivars with higher nutritional content in breeding programmes. Due to cowpea's strategic significance in food, nutritional and income security in South Africa, research towards long-term genetic improvement is ongoing in the ARC, with the aim of generating cultivars with better yield potential and nutritional composition. It is believed that improving cowpea for nutritional value will greatly improve the diets of people affected by hunger and malnutrition. To this end, a large number of cowpea germplasm collected from different sources were maintained in the seed genebank of the ARC and are being evaluated. Information on the genetic heritability and genetic advance of the concentration of mineral elements and total protein content is also important for efficient and effective selection in our breeding programme. The current breeding effort involves evaluating the available genotypes for the concentration of mineral elements and total protein content. Hence, the objective of this study was to quantify and determine the variability of selected mineral elements and total protein content in the immature pods of cowpea genotypes grown in South Africa. The genotypic and phenotypic variances as well as the heritability estimates in the broad sense and genetic advance of the nutritional composition and total protein content were also determined.
Results and Discussion

Analysis of variance for nutritional values
Calcium, magnesium, phosphorus, potassium and sodium are the five major minerals for the human body. Other important trace elements consist of chromium, copper, iodine, iron, manganese, and zinc. Insufficient consumption of these nutrients could result in metabolic disorders, leading to sickness, poor health, impaired development and growth, particularly in children (Ramakrishnan et al., 1999; Branca and Ferrari, 2002; Welch and Graham, 2004 (Table 1) . The mean squares from the univariate analysis of variance for the selected mineral elements and total protein content showed highly significant differences (P ≤ 0.01) among the genotypes (Table 1) . Potassium content of samples varied from 17074.00 to 24078.00 mg kg -1 and significantly higher mean values were recorded in genotypes 98K-5301 and ITOOK-1060 compared to the rest of the genotypes.The mean calcium content ranged between 2236.70 and 8677.70 mg kg -1 in genotype 98K-5301 and genotype Pan311, respectively. In a study of 20 cowpea landraces in Benin, Madode et al. (2012) reported calcium content variation of 700-1400 mg kg -1 , while a range of 56-104 mg kg -1 and 37-54 mg kg -1 are reported for iron and zinc respectively. Similarly, the highest mean phosphorus content was recorded in genotype 98K-5301 with the concentration amount of (5375.30 mg kg -1 ), while the lowest mean value was obtained in genotypes IT845-2246 (3834.30 mg kg -1 ). Calcium and potassium plays a significant role in body metabolism. Calcium is an important element in enzyme activation and-functions as a constituent of bones and teeth, and is involved in the regulation of nerve and muscle function (Murray et al., 2000) . Manganese, boron, aluminium, copper, iron and zinc are essential micronutrients involved in many metabolic processes and enzymatic activities (Van Gossum and Neve, 1998) . Manganese is a component of many enzymes that includes mitochondrial superoxide dismutase and also activates other enzymes such as hydrolases, kinases and transferases (Reynolds et al., 1994) . Results obtained in this study also revealed large variation in the concentration of these elements among the genotypes studied. For manganese the highest concentration was 47.72 mg kg -1 and was recorded in genotype ITOOK-1060. This value was much higher than the values reported by Ano and Ubonchi (2008) (Zlotkin and Buchanan, 1988) . It was also reported that zinc dependent enzymes are involved in macronutrient metabolism and cell replication (Arinola, 2008) . The highest concentration of zinc was 56.25 mg kg1in genotype ITOOK-1060, which was higher than the values reported by Ano and Ubonchi (2008) in Nigeria. The concentration of copper varied from 4.84 to 9.54 mg kg-1 with the highest concentration recorded in the genotype IT845-2246. Iron is an essential trace element that plays an important role in red blood cell formation and its deficiency results in the reduction of red blood cells. In the present study, there was no significant difference in the Fe content (at both P ≤ 0.01 and P ≤ 0.05) of cowpea genotypes evaluated. However, the highest concentration was recorded in genotype TVU-14196 and was found to be the best source of iron among the genotypes, but far lower than the values reported by Ano and Ubonchi (2008) in Nigeria. According to Madode et al. (2012) , the differences between the various studies could be attributed to varietal differences, but are more likely to result from differences in soil fertility. The variation of both micronutrients and macronutrients observed in the current study might be attributed to the differential ability of the genotypes to absorb the mineral elements from the soil and transport them into the plant system (Shegro et al., 2012) . It might also be a function of the factor of soil type, soil texture, geographic locations where these genotypes are adapted to, and climatic conditions that prevailed during the growing season.
Protein energy malnutrition is the most lethal form (FAO, 2006) of malnutrition and affects every fourth child worldwide (WHO, 2006) . A concerted effort is therefore required to combat this problem. This study showed that protein content from the immature cowpea pods ranged from 20.65 to 28.54%, with highest value recorded in genotype 98K-5301. Duke (1981) reported that cowpea grains contain between 18 and 29 % protein, with a potential for 35 %, depending on the variety. The overall mean value of 25.30% obtained in this study is higher than the values reported by (Hazra et al., 2001 ), but lower than the values reported by Ojimelukwe et al. (2014) in Nigeria. Yusuf et al. (2013) found 27.11% crude protein content in the young pods of cowpea in Nigeria. However, Ano and Ubonchi (2008) reported lower values of protein content (19.89 to 26.56%) in vegetable cowpea genotypes in Nigeria as compared to this finding. According to Rangel et al. (2003) , cowpea seed consists of about 25% protein and is low in anti-nutritional factors. This therefore points to 98K-5301, with 28.54% protein content, as a genotype of interest when breeding for higher protein content. According to Noubissié et al. (2011) , cowpea genotypes are highly variable for seed protein. The trait is controlled predominantly by non-additive genes and . These results indicate that the green pods of cowpea have relatively high and variable concentrations of total protein content, as well as macronutrients and micronutrients in the genotypes studied. This wide genetic variability can be exploited for use in cowpea breeding programmes cowpea for improved nutritional quality in South Africa. The results will specifically enable the selection of the best parental combination in our crossing programme. From the current study, it can be observed that the immature pods of cowpea are good sources of potassium, calcium, phosphorus, magnesium, iron and zinc, which would contribute to the alleviation of malnutrition when consumed.
Variance components and heritability of nutritional values
Estimates of genotypic and phenotypic coefficient of variations and broad sense heritability, as well as genetic variance and phenotypic variances are presented in Table 2 . Estimates of genetic variance and broad sense heritability are important biometrical genetic parameters for the selection of the parent lines from the plant population in breeding programmes (Ubi et al., 2001 ). The genetic coefficient of variation varied from 3.96 to 37.87%, while the phenotypic coefficient of variation varied from 9.87 to 40.76%. The values for genetic and phenotypic coefficients of variation were close, with little differences observed for some of the mineral elements, such as Ca 2+ and protein traits, indicating that these mineral elements and protein traits were more influenced to a greater extent by environmental conditions. The heritability values ranged from 3.80-94.86%. The mineral elements calcium, manganese, sodium and aluminium had high broad-sense heritability, indicating that the traits are considered as highly heritable and selection for these traits would be effective and efficient. High heritability estimates were also reported by Gerrano et al. (2015) in selected mineral elements of young leaves of cowpea genotypes in South Africa. According to Shukla et al. (2006) and Mobina et al. (2014) , the genetic coefficient of variation together with heritability estimates provide a reliable and effective means of estimating the expected amount of improvement through selection of genotypes for traits of interest.
Principal component analysis for the nutritional values
Principal component analysis (PCA) was carried out to describe and understand the relationship amongst the 22 cowpea genotypes evaluated for nutritional traits and visualized by biplotting. The principal component analysis is shown in Table 3 . The first four principal components (PCs) cumulatively explained 79.43% of the total variance among the cowpea genotypes. The first PC, with an eigenvalue of 5.25, explained 43.74% of the total variation, mainly due to the variance dominated by Mn 2+, B 3+, Fe 2+ and P 3-. The traits that contributed more to the second PC, which accounted for 16.57% of the total variation, were Cu + , Al 3+ , protein, and Ca 2+ , with an eigenvalue of 1.99. PC1 and PC2, contributed a cumulative 60.31% in explaining the genetic variability present in the cowpea genotypes. PC3 and PC4, with eigenvalues of 1.23 and 1.06, respectively, had a combined contribution of 19.12% to the total variation. The results of this study indicated that K + , Ca 2+, P 3-, Fe 2+, Mn 2+, B 3+, Al 3+, Zn 2+, Cu + and protein content are of primary importance in differentiating the genotypes. The relatively high eigenvectors observed in this study implies that the mineral elements with similar signs are highly correlated (Akinwale and Obisesan, 2012) . Improvement of these traits can therefore be achieved simultaneously. Gerrano et al. (2015) also found similar patterns of nutritional traits and their association in the fresh leaves of cowpea genotypes in South Africa.
The PCA genotype-by-trait biplot clearly revealed the pattern of variation and relationship among the genotypes based on the concentration of mineral elements and protein content ( Fig. 1 and Fig. 2) . The principal component analysis grouped the mineral elements and protein into two different groups (Fig. 1) . The mineral elements grouped into the top right and bottom right quadrants and were negatively correlated (Fig. 1) . The biplot differentiated the genotypes based on their mineral and protein characteristics, as explained by the first and second principal dimensions (Fig.  2) . The results clearly show the different genotypes on the score plot. This will assist in decision-making when selecting parental genotypes. The genotypes with a narrower distance between them in the score plot are genetically similar with regard to the evaluated traits, whereas those genotypes that are placed far from the origin of the quadrant are distinct. The results also revealed that the genotypes were scattered in the biplot, indicating wide genetic variability in respect to the traits evaluated. The genotypes in the top right quadrant were closely associated with the mineral elements such as Cu + , Na + , Ca 2+, Al 3+, Zn 2+ and Mn 2+ (Fig. 1) . The right bottom quadrant comprised the genotypes that are closely related with the mineral elements such as K + , Fe 2+, Mg 2+, B 3+ and P 3-, as well as protein. Those genotypes located on the top and bottom left quadrant were mostly associated with the low concentration of mineral elements and protein content. In the current study, the genotypes ITOOK-1060 and TVU-14196 stand out clearly as the most genetically divergent cowpea genotypes for the traits evaluated. This indicated that they might have a peculiar gene/allele that separated them from the group.
Cluster analysis
The segmentation analysis grouped the 22 cowpea genotypes into four distinct clusters based on the concentration of selected mineral elements and protein content, as determined in their immature green pods (Fig. 3) , further attesting to the wide genetic differences observed amongst the genotypes for the traits evaluated. Table 4 shows the variability in the cowpea genotypes by summarizing the cluster means for the traits tested. The genotypes grouped within a cluster are closely related. Genotypes that were grouped in different clusters are assumed to be genetically far apart and could be used as parents in the breeding programme. Cluster I consists of five cowpea genotypes, namely, Bechuana white, Encore, IT90K-76, Vuli and TVU-11424, which was produced at a genetic distance of 0.92, based on the concentration of P 3-, Mg 2+, Fe 2+, Al 3+, Zn 2+ and protein content. When compared with the overall average of the cluster means, the lowest average concentration of mineral elements and total protein content were observed in this cluster. Cluster II was produced at a genetic distance of 1.04 and comprised genotypes Fahari, IT96D-602, Mamlaka and TVU13953, based on the concentration of Fe 2+ and Mn 2+ . This group also clustered with the lowest content of B 3+ and Cu + . The majority of the genotypes were grouped in cluster III, which was generated at a genetic distance of 1.28. These genotypes were clustered together due to their genetic similarity based on the concentration of Ca 2+ and P 3-. Genotypes in this group were further identified as containing, the lowest concentrations of K + , Na + , Mn 2+ . Two genotypes, namely, 98K-5301 and Bensogla were separated from their respective groups of genotypes in this cluster, mainly due to the concentration K + (Table 1 ). The fourth cluster consisted of only two genotypes produced at a genetic distance of 1. Amany and Hoda (2016) , which divided the genotypes into four different sub-groups. Gerrano et al. (2015) reported the clustering of different cowpea genotypes based on the concentration of mineral elements and protein content in fresh leaves of cowpea genotypes in South Africa. This is the first report to show the spatial distribution of cowpea genotypes using mineral elements and protein concentrations of the green immature pods.
The information generated from this study therefore, will be very useful for breeders looking to identify potential parental lines for use in breeding programmes targeted towards nutritional quality improvement under South African conditions. This will ultimately have a huge implication on food and nutritional security in the country.
Materials and Methods
Plant materials
The 22 cowpea genotypes which originated from Nigeria and South Africa were obtained from the gene bank of Agricultural Research Council (ARC), South Africa. The genotypes were selected based on their pod morphological characteristics. Field experiments were conducted at the ARC, Roodeplaat (25.604° S, 28.345° E) in the 2013 and 2014 summer cropping seasons. The genotypes were evaluated in a field that was laid out in a randomized complete block design with three replications. The fresh and immature pods of the genotypes were harvested and analysed for total protein content and selected mineral elements (calcium, copper, iron, potassium, magnesium, manganese, sodium, phosphorus, aluminium, boron and zinc) at the Soil, Climate and Water (SCW) analytical laboratory of the ARC.
Protein analysis
A dry oxidation (Dumas) method was used to determine the total nitrogen and the crude protein contents (N x 6.25) (Matejovic, 1995; Jimenez and Ladha, 1993) (Zasoski and Burau, 1977) .
Statistical data analysis
The analysis was carried out in triplicate for the determination of mineral elements and total protein contents and the results of the triplicates were expressed as a mean. Agronomix (2008) computer software was used for the Analysis of Variance (ANOVA). The differences in means were compared using the least significance difference. Genetic parameters were estimated from ANOVA mean square to determine genetic variability among the genotypes, as well as the genetic effect on different characteristics using the functions suggested by Uguru (1995) : Genetic variance ( 2 g) =MSg -MSe/r, where MSg = Mean squares of genotype; MSe = Mean squares of error; r = number of replications. Phenotypic variance ( 2 p) =  2 g + MSe Genotypic coefficient of variation (GCV) = (√Vg/X)100, and, Phenotypic coefficient of variation (PCV) = (√Vp/X)100, where X is the grand mean for the phenotypic traits. Broad sense heritability (h 2 bs) = ( 2 g /  2 p) x 100. Data was also subjected to multivariate analysis using the appropriate procedure of the Number Cruncher Statistical System (NCSS, 2004) . Principal component analysis (PCA) was used as a data reduction tool to summarise the information from the data set so that the influence of noise and outliers on the clustering results is reduced. The first two principal component axes were used to graphically produce two-dimensional scatter plots to visualize the similarity and the differences evaluated for the mineral elements and protein contents in the immature pods of cowpeas.
Conclusion
Immature green pods of cowpea are an important source of protein and essential micro and macro-elements. The existence of wide genetic variability among the 22 cowpea genotypes in terms of mineral elements and total protein content in their green and immature pods, as revealed in this study, will assist in the selection of genotypes that can be used as parents when breeding for the improvement of nutritional quality in cowpea in South Africa. This would also increase the frequency of the favourable genes/alleles and genetic recombination of the traits/genes of interest. The following cowpea genotypes that were identified as potential good parents that will be incorporated into the cowpea nutritional quality improvement programme in South 
